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(3) Shock and structural disturbance during
transportation and storage

(4) Compression, extension, shear, and
vibration during extrusion and trimming
operations.

Hydraulic conductivity measurements are
particularly vulnerable to disruption caused by
collection of the sample. Because the method of
hydraulically pushing a sampler causes less
disruption than other conventional methods such as
hammering, samples for this study were collected
with a thin-walled, hydraulically driven sampler.
The sample cores were 5.1 cm in height and 5.0 cm
in diameter. Sampling holes were hand-augured
and sample cores were collected at intervals
between 0.29- and 3.25-m depth. Samples then
were trimmed, weighed, capped, and wrapped in
aluminum foil to prevent moisture loss. The soil
trimmings were retained for use in particle-size
analysis.

It is well known that many soil structural
features change during the various seasons of the
year. Aggregation can deteriorate rapidly as the
aggregates are subjected to seasonal precipitation,
which causes slaking, swelling, shrinkage, and
erosion. Because aggregate distribution is a
dynamic property, this study evaluates and
discusses only those differences observed between
undisturbed and disturbed soils at the time of
sampling.

Aggregate distribution and calcium carbonate
content were determined in the field during sample
collection in August 1992. A dry-sieve analysis
method (Burke and others, 1986) was used to
separate aggregates of different sizes. Samples used
for analysis were collected from a hand-augered
bore hole with a “riverside” auger. Approximately
1 kg of soil was collected then rotated in a series of
nested sieves (4, 2, and 1 mm) for 3minutes. Each
aggregate fraction was then weighed. A qualitative
index of calcium carbonate content was obtained by
observing the reaction of the soil with 5-percent
hydrochloric acid solution.

Particle-size analysis (PSA) was performed on
all the samples using a Coulter LS100 Optical
**Particle Size Analyzer. This machine directs a
beam of light through an aqueous suspension of the

particles and measures the diffracted light. An array
of detectors measures how much light is scattered
through various angles. The computer then
calculates a particle-size distribution from the
scattered light observed by the detectors.

Samples were sieved through a 1-mm sieve and
then split using a spinning riffler. Approximately
0.3 g of sample was used for each measurement. In
order to adequately disperse the soil, pretreatment
of the sample included 15 minutes of sonication in
an ultrasonic bath.

Additionally, because optical methods are not
currently in wide use for soil application, four
samples (two disturbed and two undisturbed) were
also measured by the traditional pipette and sieving
method (Gee and Bauder, 1986) for comparison
with the optical method. The samples were
measured once with sodium hexametaphosphate
(HMP) pretreatment only, to deflocculate the clays,
and again after the following pretreatments:

(1) hydrogen peroxide washing to remove
organics and carbonate,

(2) centrifuging with distilled water to remove
soluble salts, and

(3) addition of HMP to deflocculate the clays.

Porosity was calculated from the bulk density
measurement using a value of 2.65 g/cm3 (Blake
and Hartge, 1986) for particle density:

Porosity = 1 - (bulk density/particle
density)

The fundamental relationship of moisture con-
tent (8) and matric potential (V') was determined by
means of a modified tension plate assembly: a
submersible pressure outflow cell (SPOC)
(Constantz and Herkelrath, 1984). Each sample was
sealed in the SPOC apparatus and suspended in a
bath of 0.005 mol/L of CaSeO and CaSO, to mini-
mize biological growth and simulate a natural elec-
trolyte balance. The samples were hung from an
electronic balance that measured sample weight.
Following saturation by wetting from the bottom
up, pressure increments were applied. At each
pressure increment, water was driven out of the
sample until each sample met an equilibration
criterion: change of sample weight less than or
equal to 0.02 g in a 14-hour period. The applied air



pressure was equated to a matric potential after
taking into account a correction for the submerged
depth of the sample. The sample weights at
equilibrium points were converted to moisture
contents after samples were dried to a constant
weight in an oven at 110° C and reweighed. The
difference in weight measurements is equal to the
moisture content on a dry-mass basis. Measure-
ments were taken in the 0- to 1-atmosphere range
where moisture retention is strongly influenced by
the soil structure and where differences had been
expected for a disturbed as opposed to undisturbed
soil.

Saturated hydraulic conductivity (Kg,) was
measured by a falling head method (Klute and
Dirksen, 1986). K,; measurements were performed
immediately after the soil core was removed from
the SPOC apparatus. The K, apparatus consisted
of an open, cylindrical reservoir that was sealed
with an O-ring to the top of the soil core sample. A
stainless-steel filter on the bottom of the soil ring
allowed for the outflow of solution while minimiz-
ing soil loss. When the cores were initially placed
into the Ky, apparatus, their saturation was about
75 percent. Because complete saturation is
necessary for the K, measurement, wetting the
sample was accomplished with de-aired CaSeO and
CaSOy solution (0.005 mol/L), allowing the sample
to saturate from the bottom up for at least 24 hours.
Then, the reservoir above the sample was filled
carefully with de-aired selenate solution. As water
flowed through the sample under the influence of
gravity, the drop in water level was repeatedly
measured using a depth gauge to an accuracy of
10.02 mm. K,; measurements in the laboratory
vary with time due to the changesin trapped air and
growth of soil microorganisms (Christiansen, 1944,
Allison, 1947). A minimum of six runs (a run being
equivalent to one full reservoir, approximately 220
cm? of solution, running through the soil core) was
necessary to achieve a constant K.

The unsaturated hydraulic conductivity (K(6))
values were generated using the one-step outflow
method, a transient-flow method originally
described by Gardner (1956). The one-step outflow
method directly produced values of diffusivity,
D(0). K(8) was then calculated using ¥ values from
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the SPOC data and the equation:
K(8) = D(0) (d6/d¥).

The one-step outflow experiments were carried
out at the end of the soil-moisture retention
experiment while the samples were still in the
SPOC apparatus. When the last equilibrium point
was established for the soil-moisture retention
curve, the sample was allowed to resaturate. Then,
a positive air pressure of 1,000 cm of water was
applied to the saturated sample and the change in
sample weight was recorded as a function of time.
D(0) was calculated by the method of Passioura
(1976).

PHYSICAL PROPERTIES OF SOIL

The purpose of describing the physical proper-
ties of a soil is to provide information which will
better define the characteristics of the site and the
soil. Better definition allows for a full interpre-
tation of the site-specific hydrologic processes.

Soil Profile Description

A continuous core (CLC-3 on fig. 5) was drilled
within the surficial sediments of an undisturbed
area at the USGS test trench area in October 1990.
Drilling was completed to a depth of 5.8 m before
reaching basalt. Table 1 provides a description of
the continuous core as described in August 1992.

Aggregate Distribution

The results of the dry sieving of the soil for
determination of aggregate distribution, from both
disturbed and undisturbed soils, are listed in table 2.
While the sieve method used here is proposed for
air-dry soil, the moisture content at the time of
sampling was considered low enough (ranging
from 14 to 30 percent) that the sieve analysis could
be carried out in the field.

Carbonate Content

The results of the hydrochloric acid (HCI) test
in the field are compiled in table 3. This method is



Table 1. Soil profile description

Horizon (Munself:::;r chart) 3::::;‘ Structure Texture Hydr:::«::::ﬁ aeld
A dark, yellowish, brown 0-17 granular sandy sit  none to moderate
10YR4/2
Bkt pale, yellowish, brown 17-140 angular blocky (3-33mm), sandy sit  moderate to strong
10YR7/2 strong, coarse to fine
2Bk2 pale, yellowish, brown 140-164  angular blocky (3-33mm), clayey sit  moderate
10YR7/2 coarse to fine 10% sand
2C moderate, yellowish, 164-295  subangular blocky (30mm), sandy silt  moderate to slight
brown 10YR5/4 medium to coarse
3C2 moderate, yellowish, 295-453  massive clayey silt  none to slight
brown 10YR6/2 (buried soil?)
Table 2. Aggregate distribution
>4.0 mm 4.0-2.0 mm 2.0-1.0 mm <1.0mm
Hole ID Depth (em)
Percent by weight
Undisturbed
Anchor A 17-23 12.2 18.7 13.3 55.8
Anchor A 33.38 3.07 13.4 12.0 440
Anchor A 41-48 345 123 12.2 411
Hole 25 78-85 22.5 145 14.4 51.4
Hole 25 120-126 23.6 15.7 13.9 46.7
Hole 25° 131-138 31.9 20.9 134 33.8
Hole 25 1556-162 50.7 16.5 121 20.8
Hole 25 186-192 52.2 14.0 11.6 222
Hole 25 209-217 23.7 15.8 18.3 423
Hole 25 255-261 9.5 18.5 18.6 53.4
Hole 25 328-332 147 20.9 213 43.2
Disturbed
Anchor D 20-30 17.9 10.8 11.4 59.9
Anchor D 37-45 17.4 134 14.0 55.2
Anchor D 50-59 18.4 12.0 13.7 56.0
Hole 28 55-62 16.4 14.3 14.3 55.0
Hole 28 79-87 17.0 13.7 15.0 54.4
Hole 27 123-134 20.4 16.8 14.7 481
Hole 28 158-163 26.4 16.5 15.7 41.4
Hole 28 187-197 31.7 156.3 15.6 37.4
Hole 29 211-219 32.6 17.4 15.1 34.8
Hole 27 348-357 452 179 13.7 23.2

11



Table 3. Reaction between soil and hydrochloric acid

Undisturbed (Anchor A) Disturbed (Hole 28)
No
E::g‘t)h None . o‘t’é‘: oo ::?; M;?E::e Strong D(:g‘t)h None m:d%'r:te :_z:t M::z,::e Strong
17 X 15 X
23 X 28 X
29 X 40 X
38 X 50 X
64 X 77 X
75 X 87 X
88 X 104 X
129 X 129 X
153 X 141 X
169 X 153 X
178 X 175 X
198 X 206 X
206 X 284 X
242 X
250 X
265 X
280 X
302 X
310 X
337 X
Table 4. Particle-size distribution by method
Sieve & pipette Sieve & pipette Opticai method
Depth (HPM oniy) (pretreated) {Sonication oniy)
Sampie P
(em) % % % % % % % % %
Sand Siit Ciay Sand Siit Ciay Sand Siit Ciay

Undis- 75 341 51.3 146 343 488 16.9 29.7 51.3 1941
turbed
Undis- 27 26.2 56.3 174 19.6 60.1 20.4 254 56.4 182
turbed
Disturbed 79 21.2 60.3 185 19.2 609 19.8 213 584 203
Disturbed 29 34.2 51.3 146 29.8 516 18.6 28.4 525 18.2
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considered to be moderately subjective and
qualitative and is used here only as a indicator of
carbonate content. The strong reaction to HCI in
samples from the 29- and 129-cm depths in the
undisturbed profile supports the description of the
By horizon in the continuous core (table 1). The
disturbed profile has a much more uniform HCI
reaction profile.

Particle-Size Analysis

Comparison between the sieve and pipette
method and the optical method showed only small
differences in particle sizes as seen in table 4. Sieve
and pipette analysis performed by Laney and
Minkin (1988) at the INEL showed similar results
for undisturbed samples from about the same
location and depth in the test trench area. Figure 6
shows the particle-size distribution with depth for
the disturbed soils of the simulated waste trench and
the adjacent undisturbed area, for data obtained by
the optical method only.

HYDRAULIC PROPERTIES OF SOIL

The purpose of describing the hydraulic
properties of a soil is to allow for a full interpre-
tation of the site-specific hydrological processes.
The hydraulic properties described include: soil-
moisture retention, saturated hydraulic conduct-
ivity, and unsaturated hydraulic conductivity.

Soil-Moisture Retention Curves

The soil-moisture retention curves are plotted
by depth in figure 7. The most extreme differences
between disturbed and undisturbed soil cores
appear at the 235-cm depth. The undisturbed cores
at this depth show large porosities and gradual
slopes in their soil-moisture retention curves.
However, it appears that the disturbance, resulting
in a small increase in porosity but a large increase
in the number of larger pores, produced a substan-
tially steeper curve

13

Saturated Hydraulic Conductivity

The results of the K, experiments are shown in
figure 8. The change in conductivity decreased and
the values stabilized after approximately 6 runs or
27 pore volumes of solution were passed through
the soil (a volume of about 220 cm? solution per run
flowing through a sample with an average soil
volume of 100 cm® and an average porosity of
0.50). The increase of K, with time and the
eventual constant value obtained presumably were
due to the removal of entrapped air and a decrease
in microbial activity.

Unsaturated Hydraulic Conductivity, K(6)

Figure 9 compares K(0) plots from the transient
one-step outflow method for disturbed and undis-
turbed cores with depth. The K, reported is the
value of the final run of the data in figure 8. A
comprehensive listing of measured soil properties
and sample holes and numbers is presented in table
5. The field 0 values reported for samples that were
not artificially wetted during sampling are
computed from sample weight at time of collection
and oven-dry weight.

DIFFERENCES IN PHYSICAL AND
HYDRAULIC PROPERTIES OF
DISTURBED AND UNDISTURBED
SEDIMENTS

Figure 10 shows a distribution with depth of
relative carbonate content, clay content, moisture
content from neutron probe data collected at time of
sampling, porosity, aggregates, and K, for both
the undisturbed soil and the disturbed soil from the
simulated waste trench. Distinct horizon develop-
ment is seen in the undisturbed profile. The most
noteworthy feature in the profile of the simulated
waste trench is the homogeneity of the soil. The
absence of the natural layers is evident from the
relatively smooth profiles of the relative carbonate
content, clay content, and aggregate distribution in
the disturbed simulated waste trench.
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Figure 6. Particle-size distribution with depth in the undisturbed area and the simulated
waste trench at the USGS test trench area.
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Table 5. Summary of soil properties

Hole Sample Bulk Percent Field ﬁ;:iur;aut;:
number number Depth (cm) ?gel:::g clay c':;‘:;::a) Porosity conductivity
(cm/s)
Undisturbed
9 2 18 1.40 13.7 1052 .4716 -
13 3 18 1.39 - 1752 .4746 -
17 9 27 1.43 18.2 1478 .4615 1.6x103
14 1 33 1.48 17.7 - 4424 4.4x10*
14 8 75 1.37 19.1 1412 .4821 5.5x103
16 3 80 1.43 20.2 - .4589 3.3x103
16 4 129 1.46 24.1 1827 .4497 2.6x10°
26 B21 140 1.46 226 - .4510 2.1x10°3
25 B17 148 1.46 24.1 - .4490 1.7x10°3
16 5 175 1.41 25.1 2725 .4691 5.6x10°
26 B24 223 1.39 20.1 - .4766 4.4x10*
16 6 225 1.25 23.9 .2620 .5299 2.1x10°3
25 B20 226 1.23 14.2 - .5367 2.3x10°3
Disturbed
12 1s 18 1.31 15.5 .2010 5015 -
6 7 18 1.24 14.8 1247 5294 -
21 17 29 1.52 19.2 .2264 .4299 5.5x107
22 18 29 1.36 20.8 - .4869 2.3x103
22 21 79 1.26 20.3 - 5254 5.5x1073
21 20 79 1.31 20.6 - 5044 9.2x10°3
19 14 135 1.19 21.3 1664 .5505 -
29 C12 147 1.39 20.4 - 5640 4.4x10°3
27 cs 148 1.33 19.8 - .5001 1.2x10°2
27 C10 223 1.21 19.5 - .5441 6.0x10°3
29 C17 237 1.18 19.3 - 5567 1.3x102
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Figure 10. Composited distribution of soil properties in a silt loam soil for undisturbed and
simulated waste trench profiles at the USGS test trench area.
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The calcic horizon described from the
continuous core at the depth interval of 17-164 cm
was confirmed in the field by the HCl test (table 3).
The increase in clay content at the 140-220 cm
depth interval, from samples collected in the
undisturbed area, was not observed in the contin-
uous core. It is not surprising, though, that the
finger assessment method used for determining soil
texture from the continuous core would not allow
for the discemment of the 10- to 20-percent
increase in clay content. After microbial gum, the
most important constituent in the formation of
aggregates is clay content; hence, the increase in
clay is possibly the main factor responsible for the
increase in aggregation (table 2) at similar depths.

The moisture content data plotted in figure 10
were collected at the time of sampling from ncutron
probe number 18 in the undisturbed area and
neutron probe number 15 (fig. 5) in the disturbed
soil from the simulated waste trench (Pittman,
unpublished data). The increase in soil-moisture
content between the 140-220-cm depth is most
likely the result of the increase in clay content.

An inverse relationship between aggregates
>4 mm and K can be discerned in the profile of
undisturbed soil shown in figure 10. The increase in
large aggregates at a depth of 140 to 220 c¢m most
likely is being controlled by the increase in clay;
because of the higher clay content, K, is smaller at
this depth even with the incrcase in large
aggregates.

What is most discernible about the disturbed soil
in the simulated waste trench is the destruction of
the original horizoned profile. The clay content,
carbonate profile, and aggregate distribution are
more uniform through the disturbed profile than
they are in the undisturbed profile. As a result, soil-
moisture content is uniform with depth. Construc-
tion of the simulated waste trench has essentiaily
created an unlayered, homogenized soil of uncon-
solidated sediments with increases in porosity of as
much as 5 pcrcent due to “fluffing”™ or “loosening”
of the soil.

The heterogeneity of the undisturbed soil and
homogeneity of the disturbed soil also are apparent
inthe soil-moisture retention curves (fig. 11). At the
driest point on the curves, where y = -1,000 cm of

20

water, the soil-moisture contents range from 21 to
34 percent for the undisturbed soils. Lateral hetero-
geneity is also apparent, because samples from the
same depths are from different sampling holes
ranging from about 1 to 30 m apart. For the
undisturbed cores at y = -1,000, the soil-moisture
contents differ by as much as 6 percent at the 30-cm
depth and by as little as 2.5 percent at the 145-cm
depth. The soil-moisture retention curves for the
samples of disturbed soil are strikingly similar in
shape and the soil-moisture contents at the driest
point, y = -1000, vary between 22 and 28 percent,
less than half of the range for the undisturbed
samples. Additionally, the lateral heterogeneity,
apparent in the undisturbed cores, is diminished in
the cores from disturbed soil, which differ in
moisture content at y = -1000 by a maximum of
2.8 percent at the 30-cm depth and by a minimum
of 0.3 percent at the 235-cm depth.

1t is well known that disturbing a soil by
“fluffing” or “loosening” will tend to decrease bulk
density and increasc total porosity. Several studies
have also shown that soil disturbance will destroy
macroporosity (Ehlers, 1975; Wamer and Nieber,
1991; Roseberg and McCoy, 1991). What was
observed in these studies was that, in the disturbed
soils, the destruction of insect burrows and rootiet
channels yielded an overall decrease in macro-
porosity, while still showing an increase in
porosity. Pore-size distributions for this study were
calculated from the soil-moisture retention curve
data based on the capillary equation r = 2Y/(-y),
where r= pore radius, and Y= surface tension of the
soil solution, which is estimated at 67 mN/m based
on studies by Chen and Schnitzer (1978) and
Tschapek and others (1978). The cores from
disturbed soil show an increase in frequency of pore
sizes for the range of y measured as shown in figure
12. Although pore sizes greater than (.13 mm could
not be measured, it is possible that the observed
increase in pore sizes in the cores from disturbed
soil, shown in figure 12, is a result of the destruction
of larger pores and their replacement by smaller-
sized pores. This interpretation could also help to
explain the K(0) relationships.

The K(6) relationships in disturbed and undis-
turbed soils arc plotted in figure 13. The linear
regression of log K shows that the unsaturated
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Figure 11. Soil-moisture retention curves for disturbed and undisturbed soils at the
simulated waste trench, USGS test trench area.
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hydraulic conductivity of undisturbed soil on
average is higher than that of the disturbed soil at
moisture contents above 32 percent. At lower
moisture contents, there is a tendency for the
disturbed soil to have higher conductivity. This
effect might be expected based on the lack of large
pores in the disturbed soil. The loss of large pores
and channels will decrease conductivity at higher
moisture contents. However, the resultant increase
in smaller pores will have the effect of increasing
the conductivity at lower moisture contents. This
result is consistent with the data of other studies on
disturbed versus undisturbed loamy soils (Ehlers,
1977; Allmaras and others, 1977; Jayawardane and
Prathapar, 1992).

SUMMARY AND CONCLUSIONS

Based on laboratory and field measurements,
substantial differences exist between the physical
and hydraulic properties of the undisturbed and the
disturbed soils at the simulated waste trench. The
profile of the undisturbed soil shows distinct layers,
or horizons, with a high clay content layer at a depth
of 140 to 220 cm. These layers are homogenized to
- alarge degree in the profile of disturbed soil which
contains relatively uniform mixtures of carbonate,
clay, moisture, and aggregates. The porosity and
Kat typically are larger at each depth for samples
from disturbed soil than for samples from
undisturbed soil.

Soil-moisture retention curves obtained from
disturbed soil in the simulated waste trench show
less vertical and lateral heterogeneity within the
profile than do curves obtained from the corres-
ponding undisturbed soil. In the disturbed soil, a
slight decrease in 0 results in a sharp decrease in
measured K. This decrease in K may be a result of
the emptying of intermediate-size pores created
during soil disturbance. At lower moisture contents,
the hydraulic conductivity of the disturbed soil will
be greater than that of the undisturbed soil.

In undisturbed soil next to the simulated waste
trench, the high clay content layer between about
140 and 220 cm depth probably restricts vertical
flow. More water may remain above this depth,
increasing evapotranspiration losses. In contrast,
the destruction of the original layered profile in the
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disturbed soil of the simulated waste trench
probably increases vertical flow. Therefore, the
trench may have wetter soil in the 3-6 m zone in
which the simulated waste is buried.

Additionally, the higher the K, of a soil, the
higher the rate of infiltration tends to be. When
conditions are drier (8< (.32), which is the case
most of the year in eastern Idaho, downward
percolation is greater in the disturbed soil because
K(0) is greater for this moisture range.
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